Introduction
Studies of child neuropsychology in Brazil are hampered by the lack of adequate normative information on the performance of instruments used in neuropsychological assessment. Perusal of a major book on psychological tests published in this country (1) clearly indicates the magnitude of the problem since norms derived in Brazil are available for only a few instruments. Furthermore, in most cases, lack of critical information about the sample and statistical procedures renders the norms inadequate. As an example, a large-scale study (2) on the Bender test conducted in Porto Alegre (RS, Brazil) and included in a book published by Cunha (1) did not provide sufficient information on the demographic aspects of the sample and used crude statistical procedures. In contrast, the normative study of Hutz and Antoniazzi (3) on human figure drawing, also conducted in Porto Alegre (RS, Brazil), was well designed and used powerful statistical techniques. Furthermore, the latter authors were careful to describe the demographic aspects of their rather large sample (N = 1856 children). The report of Hutz and Antoniazzi (3) certainly is an exception in comparison to most normative studies that have been performed in Brazil (see Ref. 1) from the standpoint of methodology and data analysis. The need for adequate locally derived normative data has been emphasized by other investigators (e.g., 4), but continues to plague neuropsychological research in Brazil.
In the present study, we provide local "developmental norms" for several instruments used in the neuropsychological assessment of children as part of a neuropsychological battery. This battery comprised Denckla's (5) and Garfield's (6) Tests of Motor Persistence, Right-Left Discrimination (4), Wechsler Intelligence Scale for Children-Revised (WISC-R)'s Forward and Backward Digit Span (7), the Color Span Test (8) and the Human Figure Drawing (9) . Additionally, we added two versions to the standard and stress administrations of the Bender Test in order to assess visual attention and memory, the Immediate and Delayed Recall modalities. Furthermore, each child in the study underwent behavioral assessment with the Composite Teacher Rating Scale (ComTRS) (10) . Moreover, the underlying dimensional structure of the neuropsychological and behavioral data was examined by factor analysis.
The instruments described above were selected for inclusion in the battery on the basis of data indicating that the developmentally disabled child frequently demonstrates impairment in the performance of these tests, as reviewed by Gardner (11) with respect to Denckla's (5) and Garfield's (6) Tests of Motor Persistence, Benton's Right-Left Discrimination Test (4), WISC-R's Forward and Backward Digit Span (7) and the Human Figure Drawing Test (9) . Denckla et al. (12) showed that anomalies of motor development, including motor persistence, represent correlative markers of the attentional and behavioral status of children. Richman et al. (13) (14) (15) showed that reading-disabled children had difficulty with verbal, visual and intermodal memory, as measured by the Color Span Test, which depended on age. Furthermore, these authors demonstrated that three different subgroups of learning-disabled children (language disorder, visuoperceptual disorder and memory disorder) had specific memory profiles in the Color Span Test, and clear verbal and visual factors could be extracted from the factor analysis of the data.
The normative research presented in this paper is part of an ongoing program to develop instruments for the neurobehavioral assessment of children and adults in Brazil. Previous studies in this series have been published elsewhere (10, (16) (17) (18) (19) (20) (21) (22) .
Material and Methods

Subjects
A computer-generated random sample of 398 children balanced for gender and age, described in detail elsewhere (22) , was the subject of this study. Briefly, the children (199 boys and 199 girls) had a mean age of 9.3 years (standard deviation = 2.8) and were attending a public school in the greater Rio de Janeiro area. This school was selected for the study because it attracts children from all ethnic groups and social strata as shown by the racial and paternal occupation distribution of children in the sample (for details, see Ref. 22 ). Additionally, as described previously (21) , the proportion of girls in the school increases with age due to a substantial dropout rate for boys, which is a common observation in the Brazilian public school system. Sixty-four (16%) children had failed at least one grade in school. The sample included 37 (9.3%) children who preferred to write with the left hand and 361 (90.7%) who preferred to write with the right hand, a frequency distribution consistent with data reported elsewhere (20) . Therefore, it is presumed that the sample is representative of the population of public school children in the greater Rio de Janeiro area. Twentyeight (7%) children in need of neurological, psychological or speech therapy, according to their teachers, were nevertheless included in the normative sample.
Behavioral assessment
The teachers of the children were requested to complete the Composite Teacher Rating Scale (10) . Briefly, the teachers were required to have known the children for at least two months before completing the scale. Furthermore, they were instructed to respond to the items as briefly as possible and to rate each child by comparing his or her behavior with that of an "average" child of the same gender and age as the child being rated. The ComTRS was scored from not at all (0) and just a little (1) to pretty much (2) and very much (3) . The ComTRS consists of 71 items distributed among five factorial dimensions (Hyperactivity-Conduct Problem; Independent Functioning-Positive Socialization; Inattention; Anxiety; Negative Socialization). Scores for each of these factors were computed for each child and used as indices of behavioral assessment in the statistical analysis of the data.
Neuropsychological battery
The neuropsychological battery used in the present study was administered over two sessions (one session a day) and comprised the tests listed below in the order administered. Children were tested individually in a quiet room in the school. The examiners were one recent graduate in psychology and three recent graduates in speech therapy, who were trained in the administration and scoring of each test of the battery in a pilot study conducted before this study began. As reported previously for the normal and stress modalities of the Bender Test (22) , there was no statistical effect due to examiner.
The first session consisted of the following tests:
1. Bender Test: Normal and Stress (data reported in Ref. 22) , and Immediate Recall modalities. The procedures for the administration of the normal and stress modalities were as described by Lezak (23) . Immediately after the administration of the stress modality, the cards were removed, the child was given a blank sheet of paper and requested to draw all the figures he or she could recall, not necessarily in the order of presentation. Scoring procedures were as reported by Koppitz (24) . Furthermore, an omitted figure received a score equivalent to the maximum number of errors allowed for it, according to the scoring procedures. After completion of this modality, the child was requested to report how many figures he or she thought were missing and could not be recalled. Time to complete the task was recorded with a stopwatch. Gardner (11) were administered according to procedures described by Garfield (6 8. Human Figure Drawing Test: Procedures for the administration and scoring of this test were as described by Harris (9) . Briefly, the child was requested to draw the whole figure (not only the head and shoulders) of a man, a woman and his or her own, one at a time, on separate sheets of paper.
Statistics
Statistical procedures available in the Statistical Analysis System package (25) were used for data analysis. Briefly, the data were initially subjected to multivariate analysis of variance (MANOVA) to provide control for the experimentwise error rate. The neuropsychological battery was divided into three groups of tests for the purpose of MANOVA: i) motor persistence (Denckla's Balancing on One Foot and Garfield's Tests) and RightLeft discrimination; ii) attention and memory: Immediate and Delayed Recall of the Bender Test, WISC-R's Digit Span, and the four subtests (Visual-Visual, Visual-Verbal, Verbal-Visual and Verbal-Verbal) of the Color Span Test, and iii) drawing of a man, woman and own figure. Significant MANOVAs were followed up with univariate ANOVAs for each dependent variable. If the ANOVAs were significant, post hoc Scheffé's tests were performed. In addition, the performance of Brazilian children was compared to that of children from the United States by bilateral t-tests across gender and age groups with (and without) Bonferroni correction for error rates.
The data about the Motor Persistence and Right-Left Discrimination Tests, and the Attention and Memory Tests, were further subjected to separate principal components factor analysis with orthogonal rotation and the varimax criterion. However, it was deemed important to include an index of cognitive performance (i.e., the Human Figure Drawing Test (9), but see 26) and the factor scores derived from the ComTRS (10) in the factor analysis of each group of variables so that it could be determined how neuropsychological variables cluster with cognitive and pure behavioral variables. Only factors with eigenvalues greater than unity were retained in the analysis and a criterion of at least 0.40 to define a loading was used in the present report. Since the main objective of the present study was to explore the underlying dimensions of the neuropsychological data, items with significant loadings on more than one factor were retained and explained. Data for children with values missing were excluded from factor analysis.
Results
MANOVAs of data concerning ethnic group, hand preference, paternal occupation and need for treatment had no significant effect on any of the neuropsychological variables used in data analysis. Therefore, no further mention of these demographic variables will be made in the presentation of the results.
Motor Persistence and Right-Left Discrimination Tests
A MANOVA of the data for the performance in the Motor Persistence (Denckla's and Garfield's Tests) and the Right-Left Discrimination Tests revealed significant effects of age, but not of gender (F = 3.79, P = 0.0001). Post hoc analysis of the data demonstrated that the older the child the better the performance on Denckla's Balancing on One Foot and Benton's Right-Left Discrimination Tests. There was no effect of age on the performance in Garfield's tests, i.e., performance was already at ceiling level at the earliest age (5.0-5.5) examined in the present study.
Covariate analysis of variance with age as the covariate demonstrated that nonachievers had significantly lower total scores in the Right-Left Discrimination Test than achievers (F = 4.69, P = 0.03). There were no statistically significant differences in performance between groups of children for the tests of motor persistence. 
Attention and Memory Tests
The normative results for the performance of the Immediate and Delayed Recall Bender Test, WISC-R's Digit Span subtest and the Color Span Test are shown in Tables 3, 4 and 5, respectively.
MANOVA performed on the data revealed significant sex (F = 2.81, P = 0.005) and age (F = 5.43, P = 0.0001) effects. ANOVA on error scores on the Immediate and Delayed Recall Bender indicated significant gender and age effects. However, there were no sex or age effects on time to complete either modality. Post hoc analysis of the data revealed that girls outperformed boys and older children outperformed younger children in both modalities of the Recall Bender.
Further analysis of the data demonstrated a significant effect of age, but not of gender, on the performance of the Forward and Backward sections of the Digit Span Test such that the older the child the better the performance. Moreover, age had a significant effect on the performance of each subtest of the Color Span Test, but sex had an effect only on the performance of the Visual-Visual and Verbal-Visual subtests. Post hoc analysis of the data revealed that older children performed each modality better than younger children. Additionally, girls outperformed boys in the Visual-Visual subtest. However, the post hoc Scheffé test for gender comparison in the performance of the Verbal-Visual modality was nonsignificant.
Covariate analysis of variance with age as the covariate revealed that nonachievers made significantly more errors in the Immediate (F = 3.75, P = 0.05) and Delayed (F = 3.66, P = 0.05) Recall Bender Tests than achievers. There were no differences between groups in the time to complete the Bender Tests. Additionally, nonachievers performed worse than achievers in the Backward, but not Forward, section of the Digit Span Test (F = 4.69, P = 0.03), and each at which children should perform the different tasks included in the Right-Left Discrimination Test. The normative data for Garfield's tests are not shown because no effect of gender or age was found, i.e., children of both sexes performed at ceiling levels (40 s over two trials for each task) from the earliest age examined.
Comparison of our data with the data reported by Denckla (5) revealed that there were no major differences in the performance of the test of Balancing on One Foot between Brazilian and American children. Additionally, our results are equivalent to those reported by Garfield (6) for U.S. children in the age range that he examined. However, we found that Brazilian children show a delay in the attainment of the identification of single lateral parts of their own body and in executing uncrossed commands in comparison to North American children (4), but they later catch up, so that by age eleven their performance becomes indistinguishable from that of U.S. children. Multiple bilateral t-test comparisons of our data on the performance of the Digit Span Test (Forward and Backward) to those reported for U.S. children (11) mance of U.S. and Brazilian children in the Backward modality of the Digit Span demonstrated that U.S. children performed better than Brazilian children irrespective of gender in some, but not all, age groups. Bonferroni's correction for the alpha level of significance obliterated most of the statistical differences found for the Backward modality and several of the differences found for the Forward modality (Brazilian-U.S. children comparison data are available from the senior author).
Multiple t-tests of the differences in performance in the modalities of the Color Span Test for U.S. and Brazilian children across gender and age demonstrated significant differences in performance between the two groups of children for each modality, especially the Visual-Visual modality. Bonferroni's correction for the alpha level of significance did not alter the pattern of these differences in a major way (Brazilian-US children comparison data are available from the senior author).
Human Figure Drawing Test
The normative data for the performance of the Human Figure Drawing Test for boys and girls across age are presented in Table 6 . MANOVA revealed significant differences for gender (F = 12.71, P = 0.0001) and age (F = 9.26, P = 0.0001) in the drawing performance of a man and a woman, and significant differences for age (F = 5.01, P = 0.0001) in the drawing of own figure. Boys drew the figures of a man (F = 4.26, P = 0.039) and a woman (F = 19.27, P = 0.0001) significantly worse than girls. Further analysis of the data revealed that the performance of children in the drawing of each of the three figures improved significantly with age. In addition, there were no significant differences in performance between the drawing of the figure of a man and oneself for boys, and between the drawing of the figure of a woman and oneself for girls.
Covariate analysis of variance with age as the covariate showed that nonachievers performed the Human Figure Drawing Test significantly worse than achievers (man: F = 6.65, P = 0.01; woman: F = 6.24, P = 0.01; own figure drawn by boys: F = 3.54, P = 0.06; own figure drawn by girls: F = 13.80, P = 0.0003).
Comparison of the results reported by Harris (9) with the present data indicated that Brazilian children performed the Human Figure Drawing Test significantly worse than U.S. children across all ages, except for the 6-year-old group of girls drawing the man's figure. The use of Bonferroni's correction for the alpha level of significance would not change this conclusion in a significant way, since only the performance of 15-year-old Brazilian boys drawing the man's figure would become equivalent to that of their U.S. counterparts (Brazilian-U.S. children comparison data are available from the senior author).
Factor analysis of the neuropsychological battery data
Motor persistence and right-left discrimination. A principal components factor analysis of the data on the Denckla 
Discussion
The results show that ethnic group, paternal occupation, hand preference and need for treatment (according to the teacher) had no effect on performance of the neuropsychological battery. Additionally, older children performed the Denckla Motor Persistence Task, the Right-Left Discrimination, the Immediate and Delayed Recall Bender, the Digit Span, the Color Span and the Human Figure Drawing Tests, but not the Garfield Motor Persistence Tests, better than younger children. Additionally, girls performed the Immediate and Delayed Recall Bender, the Visual-Visual subtest of the Color Span and the Human Figure Drawing better than boys. However, there were no differences between the peformance of boys and Table 6 The lack of effect of race on performance of the neuropsychological battery is in keeping with current controversies on the effect of racial differences on test performance. As discussed by Lezak (23) , racial differences are confounded with socioeconomic differences, although there seems to be congruence in the subjacent abilities of cognitive tests between Caucasian and African Americans. As opposed to race, indices of socioeconomic status are commonly reported to have significant effects on neuropsychological test performance (e.g., 23). Therefore, the lack of effect of an index of socioeconomic status, i.e., paternal occupation, observed in the present study seems odd in view of the significance of socioeconomic variables for neuropsychological performance. For example, in a major review of the Human Figure Drawing Test, Scott (26) concluded that socioeconomic status had a more powerful effect on Human Figure Drawing than race, geographic location, or size of place of residence. It is possible that we could not find a significant effect for paternal occupation due to the relatively small sample size after removal of 114 children for whom parental occupation could not be ascertained.
As emphasized by Lezak (23), children's behavior is expected to change with age. Therefore, age effects on neuropsychological performance are to be expected, as reported in this study, and so age should be taken into account when using most of the normative data presented here, with the exception of Garfield's Motor Persistence Tests, which children performed at ceiling levels at all ages in the age range examined. Furthermore, it has been repeatedly shown that there is a differential rate in neurobehavioral development for boys and girls (23) . Our data are consistent with this view insofar as we found that girls outperformed boys in several instruments of the neuropsychological battery used in the present study such as the Recall Bender and the Human Figure Drawing. Boys, however, did not outperform girls in any of the instruments of this battery. At best, they performed at the same level as girls. Interestingly, in contrast to the present report, Hutz and Antoniazzi (3) were unable to find gender differences in the performance of the Human Figure Drawing vs three figures) and scoring procedures (Koppitz (24) vs Harris (9)) may account for the discrepancy between the two studies. Our results, however, are consistent with significant age, but not gender, effects reported for a battery of soft neurological signs, including standing on one leg and right-left discrimination, administered to Colombian children (27) .
Our data indicate a discrepancy between clinical and criterion-related validity of the instruments included in the neuropsychological battery in the sense that the need for treatment as ascertained by teachers was without effect, while academic standing (achievers vs nonachievers) had a significant effect on the performance of all tests of the neuropsychological battery with the exception of the Motor Persistence Tests and the Backward section of the Digit Span Test. The difference in performance between achievers and nonachievers is consistent with the available evidence in the sense that rightleft discrimination (4), and attention (e.g., 28) and memory (e.g., 13-15,28) difficulties may be related to achievement problems. The above discrepancy corroborates data published previously (22) and indicates that the neuropsychological battery used in the present study possesses criterion-related validity (i.e., the criterion of academic performance) but lacks clinical-related validity (i.e., teacher as a referral source). However, as discussed elsewhere (22) , the apparent lack of clinical validity of the neuropsychological battery may be related to the fact that teachers involved in this study lack familiarity with behavioral rating scales, have limited clinical acumen or are more easily subjected to unspecified halo effects.
The dimensional structure analysis of the neuropsychological data suggests that motor persistence has two dimensions, one involving the legs and the other involving the orbicular muscles of the face and the glossal muscles of the oral cavity. Therefore, we can surmise the existence of corticospinal and corticobulbar subtypes of motor persistence, and the possibility that each subtype may be impaired differentially in the clinical setting. Furthermore, the factorial structure of the data suggests that Right-Left Discrimination is associated with the same dimension of test performance as the Human Figure Drawing , which may imply that it requires perceptuomotor or cognitive representational processes for its correct execution. The close association of Right-Left Discrimination and cognitive functioning has also been reported by other investigators (e.g., 29). Additionally, the finding that the error scores in the Immediate and Delayed Recall Bender were associated with the same factorial construct as the Digit Span and Color Span Tests indicates that these two Recall modalities of the Bender Test require attentional and working memory mechanisms for their execution. Moreover, the fact that performance in the Recall Bender modalities is also associated with the same dimension as the Human Figure Drawing Test implies that perceptuomotor or cognitive processes are required for their performance, in addition to attentional and working memory mechanisms. It is worthy to note that neuropsychomotor speed comprised an entirely independent factorial dimension, which is consistent with data reported elsewhere (22) .
The dimensional analysis also demonstrated the close association of the ComTRS (10) factorial construct Hyperactivity-Conduct Problem, Inattention and Independent Functioning-Positive Socialization. Such close association is expected from data reported by our group (21) and others (e.g., 30, 31) . The observed association of the Anxiety and Negative Socialization dimensions of the ComTRS (10) should be expected inasmuch as anxious children often are withdrawn.
Brazilian children clearly performed worse than U.S. children in several instruments of the neuropsychological battery, and especially so in the Right-Left Discrimina-tion, Forward Digit Span and all four subtests of the Color Span Test. In a previous study, Brito and Santos (22) suggested that performance differences between Brazilian and U.S. children in the normal administration of the Bender Test probably reflect differences in academic learning time and deficiencies in school instruction techniques. We may advance the hypothesis that the same conclusion applies to the differences between the two groups of children demonstrated in the present study. In such a case, it is assumed that the cognitive requirements for the performance of the tests included in the neuropsychological battery used in the present study represent biologically secondary abilities in the terminology of Geary (32) or scientific concepts in the terminology of Vygotsky (33) . In other words, the limited extent of formal academic instruction in Brazilian public schools may lead to underdevelopment of secondary abilities (e.g., pencil use, mental manipulation of numbers and verbal labeling of colors, to cite a few). It is probable, and one hopes, that due emphasis on school activities may reverse the effects of cultural and socioeconomic deprivation. Additionally, the reversal of these effects could have a significant and ameliorative impact on the bidirectional relationships between culture and biology as envisaged in a biocultural interaction model (34). Luria's (35) finding that illiterate individuals can make the transition from a concrete to an abstract thinking pattern after the acquisition of some formal school instruction can be considered consistent with the biocultural interaction model inasmuch as such a transition could lead to more sophisticated neuropsychological functioning and higher occupational status. In light of this evidence, Hunt's idea (36) that preschool enrichment could function as an antidote for cultural deprivation would appear to be pertinent. The importance of formal school instruction and enrichment could be evaluated by comparing the neuropsychological test performance of children in Brazilian public versus private schools. This work is in progress in our laboratory. In any event, the implications of our findings for the Brazilian public school system is clear. It remains to be seen whether our current political circumstances will allow the implementation of the critical and necessary changes in the public school sector.
